FORCED CONVECTION HEATING FURNACE AND 
METHOD FOR HEATING GLASS SHEETS 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to a forced convection heating furnace for 
heating glass sheets and also relates to a method for heating glass sheets. 

2. Background Art 

Forced convection furnaces are used to heat glass sheets in 
preparation for processing such as forming, tempering, heat strengthening, 
annealing, and coating, etc. Such prior art forced convection furnaces for heating 
glass sheets are disclosed by the United States Patents of Kenneth R. Kormanyos: 
5,669,954; 5,672,191; 5,735,924; 5,746,799; 5,762,677; 5,792,232; and 

6,045,358. In the Kormanyos patents, the glass sheets are conveyed on a roll 
conveyor during the heating which is performed by lower and upper sets of hot gas 
hot gas distributor heads that supply upwardly and downwardly directed pressurized 
hot gas flows to the lower and upper surfaces of the conveyed glass sheets. An 
associated lower hot gas distributor head is located between each pair of adjacent 
conveyor rolls, such that the spent quenching gas must flow downwardly between 
the conveyor rolls and the hot gas distributor head. Furthermore, any broken glass 
that is lodged between the conveyor rolls and the lower hot gas distributor heads 
must be removed before commencing further heating of the glass sheets. 

The United States Patents of Troy R. Lewandowski 6,050,814 and 
6,155,822 disclose forced convection heating of glass sheets conveyed on a roll 
conveyor wherein lower hot gas distributor heads provide upwardly directed hot gas 
flows both upstream and downstream of alternate conveyor rolls in a manner that 
provides sufficient room for the spent gas flows to move downwardly after 
impingement with the glass sheet being heated. 



In both the above mentioned Kormanyos and Lewandowski patents, 
the heated gas is supplied by mixing spent recirculating gas with the heated products 
of combustion from gas burners mounted on one side wall of the furnace, such that 
the spent recirculating gas flows to the one side wall. Within the fiimace heating 
chamber, the temperature can be lower adjacent the side wall to which the spent 
recirculating gas flows because it has a lower temperature than the heated gas upon 
distribution prior to the impingement with ttie conveyed glass sheets. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an improved furnace 
for heating glass sheets. 

In carrying out the above object, the furnace for heating glass sheets 
in accordance with the invention includes a housing having a pair of side walls, a 
floor and a ceiling that cooperate to define a heating chamber. A roll conveyor of 
the furnace conveys glass sheets through the heating chamber along a direction of 
conveyance. A forced convection heater of the furnace is located within the housing 
and includes a gas burner assembly generally adjacent one of the housing side walls. 
The gas burner assembly includes an outlet through which heated products of 
combustion from the gas burner assembly are supplied to the heating chamber at a 
location intermediate the housing side walls. The forced convection heater also 
includes a hot gas distributor located within the housing generally adjacent the other 
side wall and including an inlet that is spaced from the outlet of the gas burner 
assembly intermediate the housing side walls. The hot gas distributor has a suction 
fan for drawing the heated products of combustion from the outlet of the gas burner 
assembly together with spent quenching gas in the heating chamber mto the hot gas 
distributor through its inlet for mixing to provide heated gas. The hot gas 
distributor also has distribution openings through which the mixed heated gas is 
distributed to the conveyed glass sheets on the roll conveyor to provide heating of 
the glass sheets. 



The construction of the furnace and its forced convection heater 
provides a generally uniform temperature in the heating chamber between the 
housing side walls. More specifically, the actual construction of the furnace 
includes a plurality of the forced convection heaters positioned along the direction 
of conveyance both below and above the roll conveyor to provide upwardly and 
downwardly dkected heated gas flows to the conveyed glass sheets on the roll 
conveyor to provide the heating of the glass sheets. 

The furnace preferably has the midpoint between the side walls of the 
housing located between the outlet of the gas burner assembly and the inlet of the 
hot gas distributor. A delivery tube of the gas burner assembly has an outer end 
mounted by the one side wall and the gas burner assembly has a gas burner mounted 
by the one side wall within the delivery tube adjacent its mounted outer end. An 
mner end of the delivery tube defines the outlet of the gas burner assembly through 
which the heated products of combustion from the gas burner are supplied with, as 
mentioned above, a midpoint between the side walls of the housing bemg located 
between the outlet of the gas burner assembly and the inlet of the hot gas 
distributor. 

The outlet of the gas burner assembly m one construction includes 
an adjustable damper for controlling the flow of heated products of combustion into 
the heating chamber. 

In another construction, the gas burner assembly mcludes a delivery 
tube, the gas burner assembly has a gas burner that is received within the delivery 
tube, the delivery tube includes an inner end defining the outlet of the gas burner 
assembly, the delivery tube includes openings through which a portion of the heated 
products of combustion from the gas burner flow outwardly without passing through 
the outlet at the inner end of the delivery tube, and the outlet of the gas burner 
assembly includes a damper that is adjustable to control the relative amounts of the 
heated products of combustion that flow through the openings of the delivery tube 
and through the outlet at the inner end of the delivery tube. This embodiment of the 
fiimace also includes an enclosure m which the delivery tube with the gas burner 



therein is received. The inner end of the dehvery tube opens outwardly through the 
enclosure into the heating chamber adjacent the inlet of the hot gas distributor. The 
enclosure has openings through which the heated products of combustion that pass 
outwardly through the openings of the delivery tube can pass outwardly from the 
enclosure into the heating chamber. This embodiment also has the outlet of the gas 
burner assembly including the damper that is adjustable to control the relative 
amounts of the heated products of combustion that flow through the openings of the 
delivery tube and through the outlet at the inner end of the delivery tube and also 
has the midpoint between the side walls of the housing located between the outlet 
of the gas burner assembly and the inlet of the hot gas distributor. 

Another object of the present invention is to provide an improved 
method for heating glass sheets. 

In carrying out the immediately preceding object, tiie method for 
heating glass sheets in accordance with the invention is performed by conveying 
glass sheets on a roll conveyor along a direction of conveyance within a heating 
chamber cooperatively defined by side walls, a floor and a ceiling of a housing. 
Heated products of combustion are supplied from a gas burner assembly mounted 
adjacent one side wall of the housing through an outlet of the gas burner assembly 
into the heated chamber at a location intermediate the housing side walls. The 
heated products of combustion are drawn from the outlet of the gas burner assembly 
together with spent recirculating gas in the heating chamber into a hot gas 
distributor through an inlet thereof for mixing to provide heated gas. The mixed 
heated gas is distributed to the conveyed glass sheets on the roll conveyor to provide 
heating of the glass sheets. 

The method for heating glass sheets in accordance with the invention 
is actually performed with the heated products of combustion supplied from a 
plurality of gas burner assemblies spaced along the direction of conveyance both 
above and below the roll conveyor. The heated products of combustion along with 
spent recirculating gas are drawn from the outlets of the gas burner assemblies into 
inlets of associated hot gas distributors spaced along the direction of conveyance 



both below and above the roll conveyor for mixing to provide heated gas. This 
mixed heated gas is distributed both upwardly and downwardly to the conveyed 
glass sheets on the roll conveyor to provide heating of the glass sheets. 

The method for heating glass sheets has the heated products of 
combustion preferably supplied from the outlet of the gas burner assembly to the 
heating chamber at a midpoint between the side walls of the housing. 

The glass sheet heatmg method may also use an adjustable damper 
to control the flow of heated products of combustion through the outlet of the gas 
burner assembly. 

The objects, features and advantages of the present invention are 
readily apparent from the following detailed description of the invention when taken 
in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a perspective view that is partially broken away 
through a furnace constructed to heat glass sheets in accordance with the invention. 

FIGURE 2 is a sectional view taken through the furnace along the 
direction of line 2-2 in Figure 1. 

FIGURE 3 is an elevational sectional view taken along the direction 
of line 3-3 in Figure 2 to illustrate the manner in which upwardly and downwardly 
directed heated gas flows provide heating of conveyed glass sheets. 

FIGURE 4 is a partial view taken in the same direction as Figure 2 
to illustrate one embodiment of a forced convection heater of the furnace and the 
direction of gas flow during its operation at a lower location within the heating 
chamber of the furnace housing. 



FIGURE 5 is a partial sectional view similar to Figure 4 but 
illustrating another embodiment of the forced convection heater whose gas burner 
assembly includes a perforated delivery tube and a perforated enclosure. 

FIGURE 6 is a perspective view of the gas burner assembly 
embodiment in Figure 5 and illustrates its perforated enclosure. 

FIGURE 7 is a perspective view similar to Figure 6 with a portion 
of the perforated enclosure removed to illustrate the perforated delivery tube. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

With reference to Figure 1, a furnace generally indicated by 10 is 
constructed in accordance with the invention to perform the glass sheet heating 
method of the invention as is hereinafter more fully described. Both the 
construction of the furnace 10 and its method of operation will be described in an 
integrated manner to facilitate an understanding of all aspects of the invention. 

With continuing reference to Figure 1 and to Figure 2 as well, the 
furnace 10 includes a housing 12 having a pair of side walls 14 ^ and 14^, a floor 15, 
and a ceiling 16 that cooperate to define a heating chamber generally designed by 
18. A roll conveyor of the furnace is generally indicated by 20 and includes a 
plurality of rolls 22 that convey glass sheets G (Figure 2) along a direction of 
conveyance shown by arrow C in Figure 1 . These conveyor rolls 22 are made of 
sinter bonded fused silica particles so as to have good resistance to thermal 
warpage. 

As illustrated by continuing reference to Figures 1 and 2, the furnace 
10 includes forced convection heaters 24 positioned along the direction of 
conveyance both below and above the roll conveyor 20. These forced convection 
heaters provide upwardly and downwardly directed heated gas flows 26 and 28 as 
shown in Figure 3 for heating the conveyed glass sheets. The upward gas flows are 
preferably provided in accordance with the teachings of the aforementioned United 
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States Patents 6,050,814 Lewandowski and 6,155,822 Lewandowski, the entire 
disclosures of which are hereby incorporated by reference, so as to be at both the 
upstream and downstream sides of alternate conveyor rolls 22 in order to provide 
adequate space for the gas flows after impingement with the glass sheet to flow 
5 downwardly for escape as indicated at 30. Likewise, the downward gas flows 28 
are preferably provided in alignment with the upward gas flows to provide 
uniformity in the heating. 

With reference back to Figures 1 and 2, each forced convection 
heater 24 is located within the housing and includes a gas burner assembly 32 
10 generally adjacent one of the housing side walls 14a. The gas burner assembly 32 
s includes an outlet 34 through which the heated products of combustion from the gas 
CI burner assembly are supplied to the heating chamber 18 at a location intermediate 

n the housing side walls 14. and 14u. Each forced convection heater 24 also includes 

f^: a hot gas distributor 38 located within the housing 12 adjacent the other side waU 

|l1 15 14i, and including an inlet 40 that is spaced from the outlet 34 of the gas burner 
7' assembly 32 intermediate the side walls. The hot gas distributor 38 as shown in 

Figure 2 has a suction fan 42 for drawing the heated products of combustion 36 
Ill from the outlet of the gas burner assembly together with spent recirculating gas 44 

^ in the heating chamber into the hot gas distributor through its inlet 44 for mixing 

20 to provide heated gas. The hot gas distributor 38 has an associated distributor head 
46 that extends laterally with respect to the roll conveyor across the direction of 
conveyance as best shown in Figure 1 . These distributor heads 46 have openings 
48 through which the heated gas is distributed as previously described in connection 
with Figure 3 to provide the upward and downward gas flows that provide heating 
25 of the conveyed glass sheets G. 

The manner in which the cooler recirculating gas 44 flows generally 
to the lateral center of the heating chamber for the mixing with the heated products 
of combustion 36 provides a generally uniform temperature within the heating 
chamber between the housing side walls so as to facilitate heating of the glass sheets 
30 to a imiform temperature. More specifically as illustrated in Figure 2, the midpoint 
50 between the side walls 14^ and 14t, of the housing 12 is located between the outlet 



-7- 



34 of the gas burner assembly 32 and the mlet 40 of the hot gas distributor 38 which 
provides the central location at which the heated products of combustion 36 and the 
recirculating gas 44 meet in order to provide the uniformity in the temperature 
between the housing side walls. 

As illustrated in Figure 2, one embodiment of the gas burner 
assembly 32 includes a delivery tube 52 that is supported by one or more mounts 
54 on the housing floor 15 or ceiling 16 in any suitable manner. An outer end 56 
of the delivery tube 52 is located at the one housing side wall 14^. The gas burner 
assembly 32 includes a gas burner 58 mounted by the one side wall 14^ withm the 
delivery tube 52 at its outer end 56. A burner control 60 of the type disclosed by 
United States Patent 6,019,593 Lewandowski et al., the entire disclosure of which 
is hereby incorporated by reference, controls operation of the burner. An inner end 
62 of the delivery tube 52 defines die outlet 34 of the gas burner assembly 32 
through which the heated products of combustion 36 from the gas burner 58 are 
supplied. Upper and lower baffles 63 direct the recirculating gas 44 away from the 
delivery tubes 52 of the gas burners 32. 

As illustrated in Figures 5-7, another embodiment of the gas burner 
assembly 32' mcludes an adjustable damper 64 for controlling die flow of the heated 
products of combustion into the heatmg chamber 18. In this embodiment, the gas 
burner assembly has the outer end 62 of the delivery tube 52 spaced from the 
housing side wall 14^ with the gas burner 58 received within the delivery tube outer 
end. This delivery tube 52 includes openings 66 between its outer end 56 and its 
inner end 62 where the adjustable damper 64 is located at the outlet 34 of the gas 
burner assembly. A portion of the heated products of combustion 34 from the gas 
burner 58 flow outwardly through the openings 66 in the delivery tube 52 without 
passing through the outlet at the inner end 62 of die delivery tube. The extent of 
the heated products of combustion that flow through the openings 66 is controlled 
by the position of the adjustable damper 64. More specifically, closing of the 
damper 64 will provide more products of combustion fliat flow outwardly dirough 
the delivery tube openings 66 and opening of the damper will decrease the flow 
through die delivery tube openings. The position of the damper thus controls the 
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extent of heated gas in the flow that is mixed by the hot gas distributor as previously 
described for flow to the conveyed glass sheets for heatmg. 

The embodiment of Figures 5-7 also includes an enclosure 68 in 
which the delivery tube 52 is received. The mner end 62 of the deUvery tube opens 
5 outwardly through the enclosure 68 into the heating chamber 18 adjacent the mlet 
40 of the hot gas distributor 38. The enclosure 68 has openmgs 70 through which 
the heated products of combustion 34 that pass outwardly through the openmgs 66 
of the delivery tube 52 can pass outwardly from the enclosure into the heatmg 
chamber. This flow permits heatmg of the heatmg chamber apart from the gas flow 
10 that is drawn into the hot gas distributor 38 for flow through the distributor head 46 
as previously described to the conveyed glass sheets being heated. 

While the preferred embodiments for carrying out the invention have 
been described in detail, those familiar with the art to which fliis mvention relates 
will recognize various alternative designs and embodiments for practicing the 
15 mvention as defined by die following claims. 



